Febrile neutropenia (FN) and other infectious complications are some of the most serious treatment-related toxicities of chemotherapy for cancer, with a mortality rate of 2% to 21%. The two main types of prophylactic regimens are granulocyte (G-CSF) or granulocytemacrophage colony stimulating factors (GM-CSF); and antibiotics, frequently quinolones or cotrimoxazole. Important current guidelines recommend the use of colony stimulating factors when the risk of febrile neutropenia is above 20% but they do not mention the use of antibiotics. However, both regimens have been shown to reduce the incidence of infections. Since no systematic review has compared the two regimens, a systematic review was undertaken.
Trial eligibility and quality assessment, data extraction and analysis were done in duplicate. Authors were contacted to obtain missing data.
Main results
We included two eligible randomised controlled trials with 195 patients. Due to differences in the outcomes reported, the trials could not be pooled for meta-analysis. Both trials showed non-significant results favouring antibiotics for the prevention of fever or hospitalisation for febrile neutropenia.
Authors' conclusions
There is no evidence for or against antibiotics compared to G(M)-CSFs for the prevention of infections in cancer patients.
P L A I N L A N G U A G E S U M M A R Y

Prophylactic antibiotics or G-CSF for the prevention of infections and improvement of survival in cancer patients undergoing chemotherapy
Cancer treatment with chemotherapy (anti-cancer drugs) or bone marrow or stem cell transplantation disrupts the immune system and lowers white blood cell counts. This increases a person's risk of infection. Both granulocyte colony stimulating factors (GSF) and antibiotics can reduce the risk of infection associated with cancer treatments. The review compared the effectiveness of antibiotics to GSFs for the prevention of infection and death. Only two studies were found that compared the two methods of prophylaxis. The studies could not be pooled but both showed a non-significant trend towards a reduction of infection or fever in patients receiving antibiotics. More research is needed to determine the best prophylaxis against infection in cancer patients.
B A C K G R O U N D
Description of the condition
Febrile neutropenia (FN) and other infectious complications are some of the most serious treatment-related toxicities of chemotherapy for cancer. The risk of febrile neutropenia and subsequent infection is directly related to the duration and severity of neutropenia (Bodey 1966; Bodey 1986 ). Infectious complications constitute major dose-limiting side effects in patients undergoing myelosuppressive therapy. Special risk circumstances such as patient age greater than 65 years or poor performance status impact on the associated morbidity and mortality (Kuderer 2006; Pizzo 1999) . The mortality rate associated with febrile neutropenia in cancer patients is between 2% to 21% (Smith 2006). FN can be prevented by a prophylactic regimen. Prophylaxis started upfront in the first chemotherapy cycle or in parallel with documented or anticipated neutropenia is called primary prophylaxis, whereas secondary prophylaxis is given to patients who had already experienced episodes of FN in an earlier chemotherapy cycle. Effective prophylaxis using either colony stimulating factors or antibiotics (or both) would decrease clinically relevant negative outcomes such as all cause mortality, infection-related mortality, and infectious complications. Given the high costs of the consequences of FN, and also of the colony stimulating factors themselves, economic arguments are introduced into discussions on the best prophylactic strategy (Kuderer 2006; Leibovici 2006; Tjan-Heijnen 2003). Another alternative, immunglobulins is not effective in preventing infections in patients with haematological malignancies (Raanani 2008). In clinical trials addressing the prevention of FN, granulocyte or granulocyte-macrophage colony stimulating factors (G(M)-CSFs) have been reported to be effective in reducing the duration and severity of chemotherapy-induced febrile neutropenia (Johnston 2000; Jones 1996; Holmes 2002). Prophylaxis using antibiotics has also been shown to be beneficial with reduced fever, incidence of infections, and hospitalisations (Bucaneve 2005; Cullen 2005) for example. The prophylactic strategy of combining antibiotics and G-CSF succeeded in reducing the incidence of FN as well ( Timmer-Bonte 2005).
Description of the intervention
Colony stimulating factors G(M)-CSF predominantly augments the proliferation, maturation, and release of neutrophils, resulting in a dose-dependent increase in circulating neutrophils (Bronchud 1988; Morstyn 1988). G-CSF is a growth factor for the myeloid lineage that stimulates the growth of granulocytes and eosinophil colonies; GM-CSFs also stimulate the growth of macrophages (Griffin 1990). G-CSF and GM-CSF are usually well tolerated with only a moderate number of adverse events. Limited information is available regarding differences in the incidence of adverse events between the two types of colony stimulating factors (Smith 2006) . Little information is also available about the comparative efficacy of these two agents ( Smith 2006). The prophylactic efficacy of colony stimulating factors is independent of the infectious organism and they are believed to function via the shortening of the neutropenic episode. The current ASCO guidelines (Smith 2006) justify the administration of CSFs in clinical settings where the expected risk of suffering FN is approximately 20%. In addition to the myelotoxicity of the planned chemotherapy regimen, patient-specific risk factors are to be taken into account. Secondary prophylaxis with CSFs is recommended for patients who have developed a neutropenic complication in a previous chemotherapy cycle and in whom a reduced dose might compromise disease-free or overall survival, or treatment outcome. ). Furthermore, G(M)-CSFs may decrease hospitalisation and the use of intravenous therapeutic antibiotics (Crawford 1991; Trillet-Lenoir 1993). In a meta-analysis on the use of G(M)-CSFs in cancer patients hospitalised with established FN a possible benefit of adding G(M)-CSFs to antibiotic treatment on infection-related mortality and length of hospitalisation was observed (Clark 2005) . Recently a meta-analysis by Kuderer 2006 showed that under certain standard dose chemotherapy regimens early and infection-related mortality were also reduced with primary G-CSF prophylaxis. However, none of the meta-analyses with less restrictive inclusion criteria were able to demonstrate that prophylactic administration of G(M)-CSF improved overall survival when compared to placebo or no treatment. None of these analyses addressed the question of G(M)-CSF versus antibiotics, which is a question closer to clinical reality. One analysis did a subgroup analysis of those studies in which the published report mandated antibiotic prophylaxis compared to those that did not and found no difference between the groups (Sung 2007). This may be due to the high number of trials where no information about antibiotic prophylaxis use is available. In addition, this meta-analysis included studies that analysed cycles of chemotherapy as opposed to patients. The distortive effect of such an analysis is difficult to estimate. Of the many meta-analyses looking at G(M)-CSF versus placebo or no treatment only one meta-analysis, restricted to patients with lymphoma, was published in The Cochrane Library (Bohlius 2008). This analysis found a reduction in the rate of infections (odds ratio (OR) 0.74; 95% CI 0.64 to 0.85) but no effect on infectionrelated mortality (OR 1.37 favouring control; 95% CI 0.66 to 2.82). A number of other meta-analyses have been undertaken by authors funded by pharmaceutical companies that produce G(M)-CSFs; this was information not always disclosed in the text of the meta-analysis but retrieved from other publications by the authors ( 
Antibiotics
In contrast to the prophylactic use of G(M)-CSFs, the prophylactic use of antibiotics in patients with cancer and neutropenia is more controversial. Several important guidelines are opposed to it (Lyman 2005; Smith 2006). Prophylaxis using antibiotics targets potential pathogens only and, in contrast to colony-stimulating factors, does not deal with the dose-limiting effect of haematological toxicity which is particularly relevant for dose-intensification schemes. A major concern of routine prophylactic use of antibiotics in patients with cancer and neutropenia is that it increases bacterial resistance to these agents, This may, in turn, compromise the success of treating serious infections in current as well as future patients by the spread of (multi)resistance. In addition, hypersensitivity reactions, gastrointestinal toxicities, and the promotion of fungal overgrowth after antibiotics put the patient at risk of potentially serious adverse events. Thus these aspects may limit their efficacy in reducing infection-related morbidity or mortality (Carratala 1995; Gafter-Gvili 2007; Somolinos 1992). During the last decade, prophylaxis with antibiotics was studied in a number of randomised clinical trials. The evidence provided was not regarded as entirely convincing because none of the studies were sufficiently large to provide conclusive evidence on the real efficacy of prophylaxis (Bucaneve 2005; Cullen 2005; Karp 1987; Lew 1995). Subsequent meta-analyses suggested that prophylaxis using antibiotics reduces the incidence of gram-negative bacterial infection, total infection, fever episodes, and hospitalisation (Cruciani 2003; Engels 1998). Moreover, a recently published meta-analysis of data on antibiotic prophylaxis (or more specifically fluoroquinolones) compared to placebo or no intervention demonstrated that not only infections were reduced but all cause mortality and infection-related mortality were too (Gafter-Gvili 2005; Leibovici 2006). One important question which is still unanswered is whether prophylaxis should be considered for all patients with cancer and neutropenia. In another meta-analysis on antibiotic prophylaxis the majority of patients were suffering from haematological malignancies and received high-dose chemotherapy and bone marrow transplantation, with only a few studies focusing on solid tumours (Cullen 2005; Gafter-Gvili 2005). Another factor possibly compromising the results of the main metaanalysis is that studies were included that randomised chemotherapy cycles and not patients, or reported cycle-based outcomes as opposed to a true incidence (where the number of patients and not cycles are analysed). Again, no information on G(M)-CSFs compared to antibiotics was available from these analyses.
Why it is important to do this review
The best prophylactic treatment of FN in cancer patients receiving myeloablative chemotherapy remains controversial and, in general, international guidelines concentrate on either antibiotics or G(M)-CSF. The evidence outlined above suggests that prophylaxis with an antibiotic might be as effective as with G(M)-CSF for reducing both infections and mortality. A prospective randomised trial comparing antibiotics versus G(M)-CSF in stage IV breast cancer patients treated with intermediate-dose chemotherapy showed no difference between both groups, while the cost of G(M)-CSF was almost seven times higher than that of the antibiotics (Schroder 1999). To our knowledge the present Cochrane Review is the first systematic review that compares G(M)-CSFs to antibiotics, even though clinicians are currently faced with the choice of using G(M)-CSFs, antibiotics, or both. Often the mortality rates in clinical trials of prophylactic regimes for FN are too low to allow an accurate assessment of the effect of prophylaxis on important clinical endpoints such as mortality or survival (Elting 2002). In this situation, meta-analyses that analyse much higher numbers of similarly treated patients are a suitable tool to evaluate the overall effect of regimens that showed statistically insignificant results in (underpowered) clinical trials (Paul 2005). During the systematic assessment of available evidence it is very important to account for both clinical and methodological differences in the individual trials, such as the definition of important endpoints and the multitude of different prophylaxis schedules. There may also be considerable heterogeneity introduced by different inclusion and exclusion criteria, or regional differences in pathogen epidemiology or resistance patterns.
O B J E C T I V E S
To identify, critically evaluate, describe, statistically analyse, and summarise the evidence regarding the effectiveness of prophylactic antibiotic treatment compared to prophylactic use of colony stimulating factors in preventing febrile neutropenia (FN), severe infections, infection-related mortality, and overall mortality in cancer patients undergoing myelosuppressive chemotherapy. This includes bone marrow transplantation and stem cell transplantation.
M E T H O D S
Criteria for considering studies for this review
Types of studies
Only randomised controlled trials comparing G(M)-CSF prophylaxis with antibiotic prophylaxis in cancer patients receiving myeloablative chemotherapy were included. Non-randomised and quasi-randomised studies, for example alternate treatment allocation or allocation by date of birth, were excluded as these study designs are regarded to be more prone to bias (Higgins 2006). In addition, trials looking at peri-operative infection prophylaxis, stem cell mobilisation, and priming of malignant cells with G(M)-CSFs were excluded.
Types of participants
We planned to include paediatric and adult, male and female patients with a confirmed diagnosis of any type of cancer who were undergoing myelosuppressive chemotherapy, bone marrow transplantation, or stem cell transplantation. Both solid and haematological malignancies were eligible.
Types of interventions
We reviewed trials comparing G(M)-CSF and antibiotics in the primary prophylaxis of infection-related complications. Trials that examined pegylated G(M)-CSF (pegfilgrastim) were eligible provided pegfilgrastim was given once, 24 hours after the completion of chemotherapy. Trials looking at secondary prophylaxis, defined as prophylaxis in a patient who suffered from FN in an earlier course of chemotherapy, were also eligible but a subgroup analysis was planned. No trials examining secondary prophylaxis were identified. Therapeutic interventions for FN are not part of this review. We included studies in which the intended chemotherapy regimen did not differ between study arms. Therefore, we excluded studies which compared dose-intensified, dose-accelerated, or dose-dense regimens with standard chemotherapy as this resulted in different chemotherapy protocols in the arm that received antibiotic prophylaxis and the arm that received CSF prophylaxis. Trials with more than two arms were included provided at least two arms with the relevant comparison had the same chemotherapy protocol. 
Types of outcome measures
Searching other resources
In addition, we screened references from identified trials, relevant reviews, guidelines, and databases of ongoing clinical trials. No language restriction was applied. In order to avoid publication and reporting bias, abstract publications and unreported data were eligible for the review. Studies that seemed to meet inclusion criteria from their title and abstract were retrieved as full text for further evaluation. It was planned to identify duplicate reports in order to avoid duplication bias. No duplicate report was retrieved.
Study selection
Trials were selected if they met the inclusion criteria as specified above. At every stage of searching and screening the overall number of studies identified, excluded, and included, with the reasons given, were documented in a QUOROM flow diagram (Moher 1999).
Assessment of methodological quality
At the level of the single trials The quality of eligible studies was independently rigorously evaluated by two review authors. The following quality components, which are part of the CONSORT (Moher 2003) statement, were assessed. 1. Was treatment allocation concealed? 2. Were clinicians and participants blinded to the assigned treatment? 3. Were outcome assessors blinded to the assigned treatment? 4. Were number of withdrawals, drop outs, and losses to follow up in each group stated; and were the numbers less than 10% and equally distributed between arms? 5. Were the participants included in the analyses as part of the groups to which they were allocated (intentionto-treat analysis)? Full-text versions of eligible studies were used to obtain data. Where these did not provide sufficient information, authors were contacted for further details. Furthermore, trials were classified as high quality trials (allocation concealment, intention-to-treat analysis with less than 10% loss, and a ratio of loss of less than 2:1 between arms) and low quality trials (not fulfilling at least one of the criteria for high quality) for a sensitivity analysis.
Data extraction
Data from the studies were extracted by two review authors (per study) using a standardised data extraction form that contained the following items. severe infections, infectious episodes, QoL, frequency of FN, frequency of fever, all cause mortality as a binary outcome (including infection-related, treatment-related, and early mortality). Publications reporting on more than one trial would have been extracted using one data extraction form for each trial. Trials reported on in more than one publication would have been extracted on one form only. Extracted data were checked by a second review author. Data entry into statistical software was done by one author and checked for accuracy by a second author. During the above steps (study selection, assessment of methodological quality, data extraction) potential disagreements between the review authors were resolved by consensus. If an agreement was not reached, a third review author was asked to give his or her opinion.
Data analysis
For statistical analysis, data were entered into Review Manager 5.0. Additional analyses that were not possible with RevMan were planned to be done in the statistical package SAS 9.12. Since no meta-analysis was possible, no further analyses were done. Should future updates allow a meta analysis, data will be analysed as follows. All effect estimates will be obtained separately for each study and then pooled using the Mantel-Haenszel method.
A fixed-effect model will be used to calculate an overall treatment effect in meta-analysis. For all analyses corresponding 95% confidence intervals (CI) will be calculated. Time-to-event data (overall survival) will be calculated as hazard ratios (HR) based on the method introduced by Parmar (Parmar 1998; Tierney 2007). For binary data the relative risk (RR) will be used. Numbers needed to treat to benefit (NNTB) and numbers needed to treat to harm (NNTH) will be calculated for ease of interpretation. The extent of heterogeneity between trials will be tested using a Chi 2 statistic with the significance level set at P < 0.10. The I² statistic will be used to quantify possible heterogeneity (I² > 25% moderate heterogeneity, I² > 75% high heterogeneity). Expected causes of heterogeneity will be explored by sensitivity and subgroup analyses. If numbers of included studies allow, a linear regression test for publication bias will be conducted; a P value of less than 0.1 will be considered significant for this test. A funnel plot will be generated for visual inspection (Egger 1997; Lau 2006). Sensitivity analyses (if possible) will be performed for: the overall quality of the studies (high or low), answers to the quality assessment questions mentioned above, duration of study, publication type, and whether the study was designed to measure overall survival.
Subgroup analyses for the main outcomes, survival and infections
Subgroup analyses will be performed for different types of underlying malignant disease, different baseline risk for febrile neutropenia or infection, study setting (in-patients or out-patients), different type of treatment (for example haematologic stem cell transplantation versus standard chemotherapy), different types of G(M)-CSFs used, age, and according to whether regimens included antimycotic prophylaxis.
Interpretation of data reviewed
Conclusions will be based on the evidence reviewed and discussed thoroughly with the review authors. Results will be updated every two years.
R E S U L T S
Description of studies
See: Characteristics of included studies; Characteristics of excluded studies.
Results of the search
The literature search was designed to find all relevant articles where antibiotics or G(M)-CSFs were used as prophylactic agents. Thus 10,924 abstracts were screened, 473 full texts evaluated briefly, and 44 considered for the review. Only two trials were included in the review. For a QUOROM-diagram see Figure 1 .
Included studies
Two studies fulfilled the entry criteria of this review. Both of the studies involved adults with solid tumours (small cell lung cancer and breast cancer) and compared prophylaxis for at least six cycles (Schroder 1999; Sculier 2001). A total of 195 patients, 40 from Schroder 1999 and 155 from Sculier 2001, were included in this review. In both studies oral antibiotics were compared to regular subcutaneous injections of G-CSF (Schroder 1999) or GM-CSF (Sculier 2001) without blinding of the study participants. Two different antibiotics were used: a combination of ciprofloxacin and amphotericin B with an anti-fungal agent (Schroder 1999), and cotrimoxazole (Sculier 2001). The study by Sculier 2001 was a three-arm study comparing standard three-week epirubicin 90mg/m 2 , vindesine 3 mg/m 2 , and ifosfamide 5mg/m 2 (EVI), given intravenously on day one, with antibiotic prophylaxis in one arm to intensive two-week EVI (same dosages) given every two weeks (intensive two-week EVI) with GM-CSF in one arm and antibiotic support in another arm. Only the two arms with the intensive two-week EVI protocol were included in the review. For the purpose of this review the standard three-week EVI arm with antibiotic prophylaxis was excluded as there was no possible comparison to a study arm that received CSF prophylaxis with the same chemotherapy protocol. Overall survival for up to 1000 days, relative and absolute dose intensity, and adverse events including the incidence of documented infections were reported. The Schroder 1999 study randomised chemotherapy-naive patients receiving three, three-week courses of intravenous cyclophosphamide (1500 mg/m 2 ), epirubicin (80 mg/m 2 ), and 5-fluouracil (1500 or 1000 mg/m 2 ) given on day one; followed by three cycles of intravenous cyclophosphamide (1500 mg/m 2 ), 5fluouracil (600 mg/m 2 ) on day one and intravenous methotrexate (1500 mg/m 2 ) on day two. Sculier 2001 administered cotrimoxazole, 160 mg trimethoprim, and 800 mg sulfamethoxazole three times per day, from day three through to the end of each cycle in the antibiotic group. Schroder 1999 used two prophylactic agents in the antibiotic prophylaxis group, a combination of ciprofloxacin (250 mg twice daily) and amphotericin B (500 mg four times per day) on days three through to day 17 of each cycle. The GM-CSF dosage was 5 µg/kg subcutaneously from day three through to day 13, or until neutrophils reached 1000/mm 3 
Excluded studies
We excluded 36 trials that compared antibiotic and G-CSF prophylaxis to antibiotic prophylaxis alone, from either full-text information or further information obtained from the authors ( 
Risk of bias in included studies
Allocation Both trials were described as randomised but the randomisation procedure was only reported by Sculier 2001 (minimisation technique). The multi-centre Sculier 2001 study reported central randomisation.
Blinding
There was no blinding in either of the studies due to the use of either an oral antibiotic or subcutaneous injections of G(M)-CSF; no information was given about whether or not the assessors were blinded.
Selective reporting
At baseline, the distribution of prognostic factors, such as age and stage of disease, were well balanced in both groups of the two studies; only limited information was given by Schroder 1999. Withdrawals and losses to follow up were stated in the Sculier 2001 study and this study also reported intention-to-treat analysis of the various outcomes. The Schroder 1999 study used a per protocol analysis in the sense that courses of chemotherapy with incorrectly administered study drugs were excluded from the analysis.
Effects of interventions
Primary outcome measures
Overall survival
The Kaplan-Meier curves of all three arms, that is the standarddose antibiotic prophylaxis arm, the dose-dense antibiotic prophylaxis arm, and the dose-dense GM-CSF arm, were identical for the (maximum) duration of observation of 1000 days reported in the Sculier 2001 trial. This was despite dose intensification not being successful in the dose-dense antibiotic arm (the received dose intensity was equivalent to the dose intensity of the standard treatment protocol). The two-year survival was identical, with 6% surviving in each of the dose-dense arms.
Microbiologically or clinically documented infections
Only Sculier 2001 reported the incidence of documented infections, with infections in 17/78 patients receiving GM-CSF and 11/77 in patients receiving cotrimoxazole (RR 1.53; 95% CI 0.77 to 3.04 for antibiotics, number needed to treat to benefit (NNTB) 13). This corresponded to a trend towards an increased risk of infection in patients receiving GM-CSF. A clear definition of documented infections was not given in the full-text publication of the trial.
Secondary outcome measures
Incidence of severe infections
Sculier 2001 reported the number of grade III and IV infectious episodes (classification system not mentioned) but not the incidence of infections.
Infectious episodes
Sculier 2001 described the total number of infectious episodes as 64/360 cycles (18%) in the GM-CSF group and 41/334 cycles (12%) in the cotrimoxazole group. An OR with CIs was not calculated because the cycles were linked observations. Quality of life (QoL) Not reported.
Incidence of febrile neutropenia (FN)
Schroder 1999 reported hospitalisations for FN in 7/18 patients receiving G-CSF and in 7/22 patients receiving ciprofloxacin and amphotericin B (RR 1.22; 95% CI 0.53 to 2.84 for antibiotics, NNTB 14). This corresponded to a trend towards an increased risk of febrile leukopenia in the group receiving G-CSF. Similar results yet slightly more in favour of ciprofloxacin and amphotericin B were reported for the analysis of courses of chemotherapy with febrile leukopenia. Incidence or episodes of fever Not reported.
Infection-related mortality
Infection-related mortality was the same in both groups of the Schroder 1999 trial: no patient died of infectious causes during the 18-week duration of the trial. In the Sculier 2001 trial infectionrelated mortality was similar between the two groups with 3/78 infection-related deaths observed in the GM-CSF group compared to 3/77 deaths in the cotrimoxazole group (OR 0.99; 95% CI 0.21 to 4.74).
Treatment-related or early mortality
The 100-day mortality was similar in both groups in the Sculier 2001 trial with 7/78 deaths in the GM-CSF group compared to 5/77 deaths in the dose-dense antibiotic group (OR 1.38; 95% CI 0.46 to 4.17 for antibiotics, NNTB 40). This included both early deaths due to cancer and infection-related deaths. Due to the differences in the outcomes reported (incidence of documented infections versus episodes of FN) and the lack of infectious deaths in the Schroder 1999 trial no meta-analysis of the re-sults was attempted. Note, however, that both trials reported similar but not statistically significant reductions of either infections or FN in the antibiotic arm of the study.
D I S C U S S I O N
Summary of main results
The striking finding of this review is that there are very few studies comparing antibiotics to granulocyte (and macrophage) colony stimulating factors (G(M)-CSF) for infection prophylaxis in cancer patients receiving myelosuppressive chemotherapy or stem cell transplantation.
Overall completeness and applicability of evidence
Two trials were identified. Both were in patients with solid cancer and both demonstrated a trend towards a smaller number of infections in the group receiving antibiotics. However, in one of the two trials the chemotherapy dose intensity received by the antibiotic comparison group was much lower than in the GM-CSF group (Sculier 2001), which may explain the increased incidence of infections in the latter group. The lower dose intensity did not negatively affect overall survival.
Agreements and disagreements with other studies or reviews
The latest and most comprehensive meta-analysis of G(M)-CSF versus control (Sung 2007) includes over 80 trials with more than 12,000 patients for the outcome all cause mortality. Similarly the most comprehensive antibiotics versus control meta-analysis (Gafter-Gvili 2005) includes 49 trials with more than 6000 patients (for the outcome all cause mortality). The low number of trials directly comparing antibiotics to G(M)-CSFs is surprising considering the higher cost of G(M)-CSFs compared to standard antibiotics. However, a high number of trials comparing G(M)-CSFs to control received funding from pharmaceutical companies that produce G(M)-CSFs. In both of the trials included in this review there was a trend towards the reduction of infections or febrile leukopenia in patients receiving antibiotic prophylaxis, and not G(M)-CSFs. Clearly more trials with larger numbers of patients are required to answer this question, in particular with regard to early infection-related mortality. Limited data also exists from a non-randomised comparison within a randomised controlled trial by von Minckwitz 2008. In the randomised controlled trial reported by von Minckwitz 2008 the supportive care in this breast cancer study changed over time. This study was based primarily on the chemotherapy regimen of docetaxel, doxorubicin, and cyclophosphamide (TAC) and, depending on the initial response rate, patients were randomised to different numbers of cycles of TAC or to TAC compared to vinorelbine and capecitabine (NX). In patients receiving TAC, the incidence of febrile leukopenia was similar in patients receiving cotrimoxazole alone and daily injections of G-CSF, while patients receiving pegfilgrastim alone or pegfilgrastim and antibiotics had fewer episodes of FN. Interestingly this analysis was sponsored by a pharmaceutical company producing pegfilgrastim and only the TAC arm, and not patients receiving NX, were analysed; which makes publication bias with regard to the chemotherapy arms a possibility. In addition, missing data led to the exclusion of one third of the patients, again possibly compromising the results. While a recent meta-analysis showed that pegfilgrastim is superior to filgrastim (Pinto 2007), no randomised information is available for pegfilgrastim versus antibiotics. Looking at this limited evidence, the recent recommendations of the ASCO and EORTC guidelines (Aapro 2006; Smith 2006) where antibiotic prophylaxis (not even with or without G(M)-CSF prophylaxis) is not mentioned are surprising. An argument against antibiotic prophylaxis is the occurrence of resistant strains of bacteria. However, this argument is only valid if the G(M)-CSFs are not (much) worse than antibiotics in the first place -a point yet to be proven. The summary estimates of the reduction of infections (or fever, which is less prone to masking of bacterial infection through the prophylaxis used) is higher in the systematic review of antibiotics versus control than the systematic review for G(M)-CSFs versus control. Such an indirect comparison requires a careful analysis of the supportive care used, the patient populations, and study designs of the included trials. This work is underway and will be published outside The Cochrane Library.
A U T H O R S ' C O N C L U S I O N S
Implications for practice
Both antibiotics and granulocyte (and macrophage) colony stimulating factors are successful in reducing infections in cancer patients receiving myeloablative chemotherapy; see other meta-analyses (for example Gafter-Gvili 2005; Sung 2007). However, as examined here there is insufficient direct evidence from randomised controlled trials to recommend one over the other.
Implications for research
Large, high quality trials comparing antibiotic prophylaxis to infection prophylaxis using G(M)-CSFs are necessary in a wide range of cancer patients.
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Methods
Chemotherapy regimen (3 week cycle): cyclophosphamide 1500 mg/m 2 , epirubicin 80 mg/m 2 , F-FU 1000mg/m 2 on day one of the first six cycle then cyclophosphamide 1500 mg/ 2 , 5-FU 600mg/m 2 on day one and iv methotrexate 1500mg/m 2 on day two for additional 3 cycles 
